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New Delivery Systems Possible if Significant Challenges Are Solved
Pyongyang's inventory of delivery systems is a key factor in considering North Korea's nuclear future. While this inventory is currently based on old Soviet technology only able to reliably reach regional targets, North Korea is seriously pursuing the deployment of more capable, longer-range, more survivable weapons. However, the future course of this effort remains uncertain given technical, engineering and other challenges faced by the North.
Reliable Regional Force
North Korea's current delivery systems consist of about 1,000 ballistic missiles and a small number of light bombers able to reach most targets in South Korea and Japan. This force is comparatively more advanced than most countries at a similar early stage in the development of their nuclear arsenals since ballistic missiles have played an important role in Pyongyang's conventional military strategy for many years. As a result, the current force is more than able to accommodate any future growth in the North's nuclear weapons arsenal, including a worst-case projection of 100 nuclear weapons by 2020.
1
The North's regionally-focused delivery systems include: 1) the Nodong medium-range ballistic missile (MRBM), a mobile liquid-fueled missile with a range of 1,200-1,500 km and accurate enough to attack cities, ports and military bases; 2) a large stockpile of Scud ballistic missilesalso mobile and liquid-fueled-that could carry a nuclear payload 300-600 km; 3) the mobile, solid-fuel KN-02 Toksa short-range ballistic missile (SRBM), based on the old Soviet SS-21 SRBM that was able to carry nuclear, chemical and conventional warheads; and 4) up to 60 Il-28 light bombers built on a 1950s Soviet design.
ICBM in an Emergency
Pyongyang may also be able to field a limited number of long-range Taepodong missiles-a militarized version of the Unha space launch vehicle (SLV)-as an "emergency operational capability," able to reach targets in the United States. However, such a weapon would represent more of a political statement than an operational capability since it would suffer from significant problems including: 1) vulnerability to attack because of likely basing on an above-ground launch pad; 2) low reliability since its SLV counterpart has only been tested four times and only succeeded once; and 3) a limited ability to deploy an advanced reentry vehicle that would carry a nuclear warhead to its target due to lack of testing. (A possible alternative would be a crude, highly inaccurate, blunt body reentry vehicle similar to those mounted on early American intercontinental ballistic missiles.)
Goals for the Future
Pyongyang conducted a number of significant activities from 2009-2014 that are important indicators of the future direction of its missile program. These activities were:
• The development of new road-mobile missiles with greater ranges-the Musudan intermediate-range ballistic missile (IRBM) and KN-08 intercontinental ballistic missile (ICBM)-that signal an intention to withstand preemption, provide more significant retaliatory options and to target American bases in Guam and the continental United States;
• An effort to develop short-range, sea-based, land-attack missiles that increase survivability, expand the threat to theater targets and complicate defense planning since mobile platforms can launch their weapons from any direction;
• The development of a larger space launch vehicle than the existing Unha SLV-along with the upgrading of the Sohae Satellite Launching Station to launch a new systemas part of what may be an effort to deploy longer-range ballistic missiles; and
• The development of solid-fuel rocket technology through enhancing the range of the KN-02 SRBM, which could yield greater mobility and survivability for future longerrange solid-fuel missiles.
Hurdles to Overcome
The challenges Pyongyang faces in developing new delivery systems over the next five years and beyond are likely to be greater than those encountered in its nuclear program, where basic designs and production infrastructure are already largely in place. Indeed, while Pyongyang's current inventory of older liquid-fueled missiles is impressive, the history of its program, when compared to those in countries like Iran and Pakistan, is characterized by a striking lack of progress over the past few decades. While both countries relied on North Korean assistance in the 1990s to develop the mainstay of their arsenals, both have since diversified their programs by pursuing more advanced medium-and intermediate-range solid-fueled missiles. In comparison, North Korea's experience with solid rocket propellants is much more limited. In short, future challenges could result in slower than anticipated progress or even the cancellation of weapons systems under development.
Particularly important will be North Korea's ability to overcome technological and engineering hurdles that even more advanced industrialized countries would find challenging. In this context, since the North is not self-sufficient in missile production, the level of foreign assistance could be a critical factor determining how much progress Pyongyang is able to make in technologies such as high performance liquid-fuel engines, solid-fuel rocket motors, high-speed heat shields and reentry vehicles, guidance electronics, sophisticated machine tools and high-strength, lightweight materials. Experienced engineers may also help the DPRK surmount technical hurdles. While Pyongyang has been somewhat successful in securing foreign assistance in the past, whether that will continue remains unclear.
Despite these potential hurdles, it is worth noting that North Korea may have a far less demanding definition of "success" in the development of new missiles than countries like the United States, where extensive tests are conducted before weapons become operational to ensure a high degree of reliability. Other small, emerging nuclear powers have had the same view of new missile delivery systems, deploying them with few flight tests or even though they have experienced technical problems. This practice highlights another important consideration for North Korea (and these other countries), namely that deployments of new delivery systems, even if not fully tested, can have an important political purpose in sending deterrence signals to potential adversaries.
Three Scenarios for 2020
As in the nuclear projections for this study, three scenarios for the development and deployment of delivery systems reflecting different political, economic, technological and other assumptions help define future possibilities:
• Minimal Modernization: North Korea's development of new delivery systems slows, resulting in a force that remains essentially the same as it is today. Nevertheless, Pyongyang may be able to make some improvements. First, it could deploy shortrange, sea-launched cruise and ballistic missiles on surface ships or cruise missiles on submarines based on existing weapons, possibly the KN-01 naval cruise missile or the KN-02 SRBM. Second, Pyongyang could deploy the Musudan IRBM in an emergency operational capability. While the missile has not yet been flight tested, the North has already conducted extensive development activities. Indeed, the Musudan may already have been deployed in an emergency operational status during the 2013 crisis on the Korean peninsula if media reports are accurate.
• Steady Modernization: North Korea continues its current development and deployment path, resulting in a greater regional threat than in the first scenario and the emergence of a more credible intercontinental threat. In the theater, greater numbers of sea-based systems would be deployed. Pyongyang may also develop an emergency operational capability to field a ballistic missile submarine. On land, the Musudan IRBM becomes an operational system after a limited number of flight tests and an enhanced range KN-02 SRBM is deployed to supplement existing Scud missiles. In addition, Pyongyang may decide to deploy countermeasures to cope with evolving theater missile defenses deployed by the United States, South Korea and Japan, most of which focus on intercepting missiles inside the atmosphere. This will require emplacing rocket-powered darts as decoys on missiles-such as the Nodong-and flight testing to ensure the system works. A more credible intercontinental threat would consist of the KN-08 ICBM, now available on an emergency basis as it moves towards becoming an operational weapon and possibly Taepodong ICBMs deployed in more survivable hardened missile silos.
• Maximum Modernization: North Korea accelerates the development and deployment of new systems, resulting in a more rapidly emerging regional and intercontinental threat. In the theater, the Musudan IRBM would achieve an earlier initial operating capability and deployments of missiles would increase. A solid-fuel missile with a range of 300 kilometers intended to replace the Scud becomes operational. Pyongyang might also deploy its first operational sea-launched ballistic missile submarine armed with weapons based on the Nodong MRBM or Musudan IRBM. On the intercontinental level, the KN-08 ICBM would reach an initial operational capability with growing numbers deployed by 2020, though numbers would still probably be limited by the availability of critical components, particularly engines. Finally, since the program would achieve considerable momentum beyond 2020, further developments, previously over the time horizon, might include a longer-range ICBM utilizing new high-energy engines that could reach targets anywhere in the United States, more sophisticated guidance systems that would substantially increase accuracy and a solid-propellant replacement for the Nodong MRBM.
A Final Word
The dangers posed by North Korea's continuing effort to develop new nuclear delivery systems are clearly real, although more uncertain than nuclear weapons estimates, given the various technological hurdles Pyongyang will have to overcome in the future. Nevertheless, even if North Korea was severely limited in its ability to further develop a direct threat to the United States beyond probably a handful of ICBMs based on old Soviet technology, its existing inventory of approximately 1,000 missiles has sufficient reliability and range to cover most important targets in Northeast Asia. Moreover, the number of systems likely exceeds even the worst-case estimate for North Korea's nuclear inventory in this study-that the North could field 100 nuclear weapons by 2020. In short, North Korea has already achieved a level of delivery system development that will allow it to establish itself as a small nuclear power in the coming years.
Introduction
Pyongyang's inventory of delivery systems is a key factor in considering North Korea's nuclear future. While its current inventory is well developed, although limited to old Soviet technology only able to reach regional targets, North Korea has bigger ambitions and is seriously pursuing the deployment of more capable, longer-range, more survivable weapons. However, the future of its nuclear delivery systems remains uncertain given technical, engineering and other challenges the North will have to face.
The 2014 Baseline
Pyongyang's current inventory of delivery systems, consisting largely of ballistic missiles with some light bombers, is reliable and nominally able to reach most targets in Northeast Asia. Moreover, it is comparatively more advanced than most countries at a similar early stage in the development of their nuclear arsenals. This is the result of: 1) the North's long-standing requirement to acquire ballistic missiles armed with conventional explosives and chemical warheads as part of its defense strategy; 2) the continued development of these weapons even though the North's plans to deploy large numbers of nuclear weapons were set back by the 1994 US-DPRK Agreed Framework; and 3) the long-standing perceived threat from the United States, a major driving force behind Pyongyang's efforts to build an intercontinental ballistic missile (ICBM) based on a space launch vehicle program in the 1990s.
Intercontinental Ballistic Missile (ICBM) in an Emergency
North Korea may already be able to deploy a Taepodong-2 ICBM-essentially a three-stage military version of the Unha space launch vehicle (SLV) that could carry a 500-1,000 kg warhead 10,000-15,000 km, far enough to reach the US mainland-in an "emergency operational status."
2 However, such a weapon would represent more of a political statement than an operational capability since it would suffer from potentially significant problems including:
• Low reliability given the very limited number of tests of its SLV counterpart and the high percentage of failures-three out of four flights;
• Vulnerability to a preemptive strike since it would probably be deployed at an aboveground facility; 3 and
• A limited ability to operationally deploy a relatively advanced reentry vehicle due to lack of testing-the weapon would probably have to use a crude and highly-inaccurate blunt body reentry vehicle (RV) similar to those on early American ICBMs (the Thor and Atlas systems) in the 1950s, making it more vulnerable to missile defenses. 
Reliable Regional Delivery Systems
The overwhelming majority of North Korea's delivery systems are about 1,000 ballistic missiles based on old Soviet technology. The backbone of its current deterrent is the Nodong mediumrange ballistic missile (MRBM) with a range of 1,200-1,500 km that can reach any target in South Korea and most of Japan. 5 While mobile and probably capable of cross-country travel, the Nodong can also be tucked away in one of the North's many underground tunnels and bunkers. Based on early 1960s Soviet technology, it is an effective, reliable weapon accurate enough to hit within one or two kilometers of targets, enough to destroy cities, ports or military bases. In addition to the North's large stockpile of old shorter-range Scud missiles able to carry a nuclear payload 300-600 km, Pyongyang has begun to field the newer KN-02 Toksa solidfuel, road-mobile missile. Derived from a 1980s vintage Soviet weapon and probably available in only limited numbers, the shorter-range Toksa is a more responsive, accurate and mobile system by virtue of its solid fuel. The older Soviet model was able to carry nuclear, chemical and conventional warheads, but it remains unclear whether the Toksa is intended for the nuclear mission. Finally, North Korea's up to 60 Il-28 light bombers built to a 1950s Soviet design would be a capable delivery system. Individual airplanes would have significant trouble penetrating modern air defenses, but with the element of surprise or attacking in large numbers, a few could possibly penetrate to their targets. The Il-28 might also be able to reach American installations on Guam, the site of a major air base and logistics hub currently out of range of North Korea's missiles, on a one-way mission. However, such an attack would be detected far in advance by US, Japanese and ROK air defenses. 
Delivery Systems under Development
North Korea appears to have an ambitious development program focusing on a number of new systems including:
• KN-08 road-mobile intercontinental ballistic missile (ICBM): Development of this missile began in the late 1990s or early 2000s. While the KN-08 design is original to North Korea, it likely incorporates technologies from the Musudan IRBM and Unha SLV. The KN-08's interior configuration is still subject to speculation. Recent analysis 7 suggests a range of 7,500-9,000 km, enabling it to reach the West Coast of the United States carrying a warhead package of 500-700 kg. Accuracy would likely be barely adequate to target large cities, mobility would be limited to paved roads, and the system will require 1-2 hours for pre-launch fueling. Some analysts believe the KN-08 is part of North Korea's strategic deception effort since it has not been flight tested but there are reports of ground testing of the missile's first-stage engines. The KN-08 may achieve an "emergency operational status" by 2020 before or with very limited flight testing. • Large liquid-fueled space launch vehicle: Pyongyang has announced its intention to build an SLV larger than its existing Unha SLV over the next five years. Moreover, beginning in late 2013, the North embarked on a year-long program to upgrade the launch gantry at the Sohae Satellite Launching Station to handle a new larger rocket. 8 While probably intended to place larger satellites into higher orbits, the new SLV may also contribute to the further development of the North's long-range missile program through the testing of common technologies such as high-energy rocket engines, guidance system components and even reentry vehicles (in a sub-orbital mode). A new SLV might also serve as an interim ICBM, supplementing or replacing any deployed Taepodongs. • Musudan road-mobile intermediate-range ballistic missile (IRBM): Pyongyang appears to be moving towards the deployment of this single-stage missile, a slightly longer variant of the old Soviet SS-N-6 sea-launched ballistic missile that incorporates technology from that system. 9 With a range of 2,500-3,500 km, depending on the weight of its warhead (500-1,000 kilograms), the missile could reach all of East Asia, including important American bases on Guam and Okinawa. While some experts claim the Musudan is also a strategic deception since the system has not yet been flight tested, it seems more likely that it is a work in progress. Indeed, there have been reports that the missile may have already been deployed. 10 Moreover, during the 2013 crisis on the peninsula, media reports indicated that the Musudan had been spotted in the field, possibly preparing for a flight test although such a test never took place. Photo: Korean Central News Agency.
9 150 SS-N-6 missiles remain unaccounted for from the old Soviet inventory and Russian engineers who designed the weapon are known to have worked in North Korea. 10 Small nuclear powers have in the past deployed nuclear-capable missiles with very limited flight testing. This practice is especially common during the early stages of a country's missile program, when the deployment of nuclear-capable ballistic missiles serves as more of a political tool rather than a tactical military asset. According to some experts, Israel is said to have deployed and armed the Jericho-I missile during the 1973 Yom Kippur War before the system was fully operational possibly to induce action from the United States or to send a signal to Egypt and Syria. Early deployment is also often pursued by countries with financial limitations and time constraints. Pakistan's Ghauri-I missile, for example, has only been tested around ten times since 1998 and continues to suffer from reliability issues. • New solid-fuel missiles: The Toksa SRBM could serve as a test bed for the development of longer-range, solid-fuel missiles, possibly to replace the Scud, that would have distinct advantages-greater mobility and the ability to launch within minutes-over Pyongyang's current liquid-fueled inventory. North Korea already has extensive experience producing small solid-fuel rockets. Moreover, in mid-2014, it conducted a series of tests of an extended-range Toksa able to fly 160-200 km. However, it is unclear whether those tests reflect the use of a higher-energy solid propellant, a lightening of the missile's payload or flying the weapon at minimum energy trajectories. Cooperation with Iran, which has already developed such missiles, may represent a more promising alternative path for North Korea.
• Sea-launched land-attack missiles: Commercial satellite imagery, ROK official statements and other press reports indicate that Pyongyang may be developing a capability to launch ballistic or cruise missiles from surface or cargo ships and from submarines. 12 In the near term, Pyongyang might be able to develop the ability to launch existing short-range cruise or ballistic missiles from sea-based platforms. However, development and deployment of longer-range weapons, particularly submarine-launched ballistic missiles may still be years away. Sea-based land-attack missiles would increase the survivability of North Korea's nuclear forces, expand its threat to South Korea, Japan and US bases in East Asia and complicate missile defense planning since a mobile platform would be able to attack targets from any direction. • Unconventional delivery options: North Korea could attempt to deliver nuclear weapons covertly. Doing so, however, would have significant drawbacks, particularly the requirement for a pre-delegation of authority to use the weapon down to the small unit level that would be contrary to the expected preferences of an authoritarian North Korean regime. Two possibilities could be: 2. The covert delivery of a nuclear weapon by container ship is also possible given the North's history of using merchant vessels to deploy special operations forces around the world dating back to the 1970s. However, this option also seems implausible because of concerns over command and control as well as the North's lack of commercial interaction with most potential target countries and the dangers of discovery beforehand.
Figure 14: North Korean bulk carrier ship Chong Chon Gang (9000 GRT).
Photo: Maritime Traffic.
Future Developments: Significant Hurdles Must Be Overcome
Delivery systems that appear to be under development are an important indicator of North Korea's objectives for the future of its force. If the North continues to move down this road, it will likely focus on the following improvements.
• Increase range, accuracy and reliability: North Korea's nuclear delivery systems suffer from limitations in all three areas. While its current systems are capable of reaching most regional targets, improvements in range would allow the North to reach new ones outside the immediate theater, such as Guam, Okinawa, Hawaii or the West Coast of the United States. Better accuracy would open up the possibility of attacking a larger target set beyond soft targets such as cities or large military bases. Improving reliability would provide greater confidence that the missiles would reach and destroy their targets.
In this context, testing-ground, but especially flight testing-will play a critical role, particularly if the North is seeking to deploy more sophisticated delivery systems using high-performance engines and high-speed reentry vehicles. Indeed, testing missiles equipped with these technologies will require establishing a limited infrastructure, such as including downrange ships to monitor data, that may prove challenging.
• Increase survivability: Given the limited size of Pyongyang's nuclear arsenal, increasing survivability is essential to withstanding preemptive strikes and to providing significant retaliatory responses. The North's current delivery systems-largely focused on mobile liquid-fueled Nodong MRBMs-would prove difficult to destroy in a preemptive strike. Nevertheless, Pyongyang could take a number of steps to improve survivability, including: 1) basing any Taepodong ICBMs in hardened silos rather than on an above-ground launch pad; 13 2) deploying solid-fueled missiles that allow full off-road mobility and the ability to launch with a few minutes' notice; and 3) basing on ships or submarines that are more difficult to track.
• Diversify delivery systems: Diversification of different basing modes-the underlying principle of the US strategic triad of air, land and sea-based weapons-would complicate any effort to launch a preemptive strike, since destroying systems in a short time frame would prove extremely difficult. Second, diversification of different delivery systems could provide greater flexibility/options for the use of nuclear weapons whether on the battlefield, in the theater or directly against the United States.
• Achieve greater self-sufficiency: While Pyongyang has built a strong indigenous capability to deploy missiles, largely based on Russian technology and assistance, it has not yet proven itself able to replicate advanced components acquired from abroad, such as Russian high-energy propellant engines, or to move beyond these technologies. In contrast, Iran, Pakistan and other countries with active missile programs have developed more advanced designs, including long-range solid-fueled rockets.
The challenges Pyongyang faces in developing new delivery systems over the next five years and beyond are likely to be greater than those encountered in its nuclear program, where basic designs and production infrastructure are already largely in place. These challenges could result in slower than anticipated progress or even the cancellation of weapons systems under development.
Particularly important will be North Korea's ability to overcome technological and engineering hurdles that more advanced industrialized countries would find daunting. In this context, since the North is not self-sufficient in missile production, the level of foreign assistance could be a critical factor determining how much progress Pyongyang is able to make in critical technologies such as high-performance liquid-fuel engines, solid-fuel rocket motors, high-speed heat shields and reentry vehicles, guidance electronics, sophisticated machine tools and high-strength, lightweight materials. Experienced engineers may also help the DPRK surmount technical hurdles. While Pyongyang has been successful in securing foreign assistance in the past, whether that can continue remains unclear.
Despite all these potential hurdles, it is worth noting that North Korea may have a far less demanding definition of "success" in the development of new missiles than countries like the United States, whose systems are extensively tested before becoming operational to ensure a high degree of reliability. Other small, emerging nuclear powers have had the same view of new missile delivery systems, deploying them with few flight tests or even though they have 13 North Korea has deployed anti-aircraft missiles and radars in small hardened silos since the 1970s. Moreover, Pyongyang has also explored the possibility of basing ballistic missiles in a similar manner since the early 1990s and its scientific literature suggests the North understands key engineering challenges posed by this technology. Speculation has focused on the possibility of silo-basing near the Chinese border for a number of reasons. First, the DPRK military may believe this area is more secure than any other in the North since the US and its allies never reached this area during the Korean War. Second, there may be a view that since this area is close to the Chinese border, the US and South Korea would be reluctant to conduct operations there for fear of dragging the Chinese into a conflict. Finally, the North has already located a number of important defense production facilities in this region, particularly in the northern area.
experienced technical problems. This practice highlights another important consideration for North Korea (and these other countries), namely that deployments of new delivery systems, even if not fully tested, can have an important political purpose in sending deterrence signals to potential adversaries.
Bounding the Problem: Three Scenarios for 2020
In view of the uncertainties in predicting the future of North Korea's delivery systems, projecting low-end, medium and high-end scenarios-taking into consideration the current baseline force, possible key technical objectives and critical determining factors-will provide an illustrative band of possibilities within which a future DPRK nuclear delivery force is more likely to fall. 
Scenario 1: Minimal Modernization
Pyongyang is only able to make marginal improvements; its deterrent remains almost entirely focused on effectively threatening neighbors while posing a symbolic threat to the United States. This scenario assumes that:
• North Korea's test program remains extremely limited. Testing is confined to existing medium-or shorter-range missiles and some limited testing of subsystems such as rocket engines. There are no further launches of SLVs and no tests of new intermediate-and intercontinental-range mobile missiles or key technologies such as reentry vehicles.
• North Korea's ability to access foreign technologies and assistance is significantly constrained. Sanctions and export controls become increasingly effective. Moreover, the North is unable to secure help from foreign scientists and cooperation with other countries-such as Iran-does not yield benefits.
• Pyongyang's level of political and economic commitment could remain high but it may not be able to overcome the limitations imposed on its program by technical and other realities. Alternatively, the level of commitment may lessen because of economic hardships, a decision by Pyongyang that the existing mix of delivery systems is sufficient for its purposes or a changing external security environment that diminishes the need for continued development.
Nevertheless, North Korea may seek to make minimal improvements to the baseline force including two possible new developments:
• North Korea could deploy short-range sea-launched ballistic and cruise missiles. This threat could include merchant ships carrying either type of weapon or the first operational submarine-launched cruise missile. 14 Given the technological challenges in developing such a capability, these weapons would be based on existing North Korean systems, such as the 160 km KN-01 naval cruise missile or the KN-02 SRBM.
• The road-mobile Musudan IRBM could be deployed in an "emergency operational status." Despite the lack of full-scale flight tests, the North has already conducted extensive development activities for this missile that might enable such a deployment over the next five years if not sooner. Indeed, the reported Musudan deployments in early 2013 as part of escalating tensions on the peninsula may mean that missile has already achieved an emergency status.
Scenario 2: Steady Modernization
North Korea moves forward slowly with the development of new delivery systems able to reach targets in Northeast Asia and the United States, essentially continuing down its current path. This scenario assumes that:
• Pyongyang tests long-range SLVs, at its current pace of about two to three launches every three years. These launches possibly include a new rocket that might be used to test more advanced propulsion and other technologies. The KN-08 ICBM is also flight tested and may serve the same purpose, along with the development of more advanced reentry vehicles. Theater-range testing would include one or two launches of the new roadmobile Musudan IRBM as well as further development of solid-fuel engine technology.
• North Korea's ability to acquire foreign technology is slowed by sanctions and export controls but Pyongyang's efforts to secure technology and engineering assistance abroad are still moderately successful. In that context, continued cooperation with Iran yields benefits for its program, particularly solid-fuel technology that could form a foundation for developing systems with longer ranges than the Toksa SRBM in the future.
• Pyongyang's level of political and economic commitment to its WMD and missile programs continues, made possible in part by ongoing steady improvements in the civilian economic sector achieved through gradual reform and interactions with China, Russia and other countries.
As a result, the regional threat becomes even greater than in the first scenario and an operational intercontinental threat begins to emerge. In the theater, in addition to possibly deploying more land-attack cruise missiles on submarines and surface ships as well as ballistic missiles on surface vessels, Pyongyang may develop an emergency operational capability to launch shortrange ballistic missiles from submarines. On land, the Musudan IRBM becomes operational after flight testing. An enhanced range KN-02 solid-fueled short-range missile intended to supplement the 300 km Scud might also become operational. In addition, Pyongyang may decide to deploy countermeasures to cope with evolving theater missile defenses deployed by the United States, South Korea and Japan, most of which focus on intercepting missiles inside the atmosphere. This will require emplacing rocket-powered darts as decoys 15 on missiles such as the Nodong and flight testing to ensure the system works.
On the intercontinental level, Pyongyang might consider limited permanent deployments of the Taepodong in hardened silos. Initial flight testing of the KN-08 may allow the North to field that system in an emergency operational status intended mainly for political demonstrations (reliability would be limited to 30-50 percent). The North might also use SLV launches, particularly of a new larger rocket, to further develop advanced technologies that could have applications in military systems.
Scenario 3: Maximum Modernization
North Korea accelerates the deployment of theater and intercontinental delivery systems and begins to explore fielding even more advanced weapons. This scenario is based on the following assumptions:
• Pyongyang pursues an aggressive flight test schedule of three to four launches per year of long-range rockets that yields important technical advances in deploying new systems.
• North Korea is successful in securing hardware and assistance overseas to reinforce its stepped-up flight test program. Cooperative programs with Iran yield important benefits and the North is able to secure additional assistance from foreign governments or individual experts.
• Pyongyang's political and economic commitment to these programs increases, possibly as a result of an increased security requirement to enhance the credibility of its deterrent and/or the availability of greater resources due to successful efforts to develop its economy.
In this scenario, a growing theater and intercontinental threat emerges more rapidly. In the theater, the Musudan IRBM achieves an initial operating capability and deployments of missiles increase by 2020. A solid-fuel missile with a range of 300 km intended to replace the Scud becomes operational. Pyongyang might also deploy its first operational sea-launched ballistic missile submarine armed with weapons based on the Nodong MRBM or Musudan IRBM.
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On the intercontinental level, the KN-08 ICBM reaches an initial operational capability with growing numbers deployed by 2020, though it will probably be limited by the availability of critical components, particularly engines.
Also under this scenario, Pyongyang's missile development program could accelerate with previously over-the-horizon programs becoming more visible by 2020. These programs could include: 1) a second-generation KN-08 ICBM with greater range, utilizing new high-energy engines that could reach targets anywhere in the United States rather than being limited to the West Coast; 2) more sophisticated guidance systems that would substantially increase accuracy; 3) a solid-propellant replacement for the Nodong MRBM; and 4) additional ballistic missile submarines.
A Final Word
Pyongyang's program for developing new nuclear delivery systems, while ambitious, could easily experience difficulties in the future. Much will depend on the critical factors mentioned earlier, particularly its ability to overcome technological and engineering hurdles that, in turn, may depend a great deal on its ability to acquire technology and assistance abroad. Given these potential difficulties, the level of the regime's political/economic commitment to the program will be critical as well. All of these factors are likely to play a much bigger role in the future of North Korea's missile program than in the future of its already proven nuclear weapons program. Moreover, they could result in not just slower progress, but also in the cancellation of new systems under development.
Indeed, when Pyongyang's program is compared to those of countries like Iran and Pakistan, the lack of progress over the past few decades is striking. Both countries relied on North Korean assistance in the 1990s to develop the mainstay of their arsenals-Iran's Shahab missile and Pakistan's Ghauri missiles-that were derived from North Korea's liquid-fueled Nodong. However, both have since made efforts to diversify their programs by pursuing medium-and intermediate-range solid-fueled missiles. Iran's Sejjil, a solid-fueled two-stage missile first tested in 2008, is estimated to be in the final stages of development and is believed by some observers to be a replacement for the Shahab that will be more survivable and transportable. Similarly, Pakistan already fields limited numbers of the solid-fueled Shaheen-I and has been developing a longer-range variant, the Shaheen-II, which was test fired in 2004. In comparison, North Korea's experience with solid rocket propellants is much more limited, with the overwhelming majority of its arsenal still based on old Soviet technologies and-with the exception of the KN-02-mostly liquid-fueled.
While failure of Pyongyang's development program would severely limit its ability to further develop a direct threat to the United States beyond probably a handful of ICBMs based on old Soviet technology, its existing inventory of approximately 1,000 missiles has sufficient reliability and range to cover most important targets in Northeast Asia. Moreover, the number of systems likely exceeds even the worst-case estimates for North Korea's nuclear inventory by 2020. In short, North Korea has already achieved a level of delivery system development that will allow it to establish itself as a small nuclear power in the coming years.
